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(57) ABSTRACT

Semiconductor packages and methods for forming a semi-
conductor package are presented. The semiconductor pack-
age mcludes a package substrate having a die region on a
first surface thereof. The package includes a die having a
sensing element. The die 1s disposed 1n the die region and 1s
clectrically coupled to contact pads disposed on the first
surface of the package substrate by insulated wire bonds. A
cap 1s disposed over the first surface of the package sub-
strate. The cap and the first surface of the package substrate
define an 1nner cavity which accommodates the die and the
insulated wire bonds. The insulated wire bonds are directly
exposed to an environment through at least one access port
of the package.
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SEMICONDUCTOR PACKAGES AND
METHODS FOR FORMING
SEMICONDUCTOR PACKAGE

CROSS-REFERENCE TO RELATED
APPLICATION

This application 1s a divisional application, which claims

the benefit of copending U.S. patent application Ser. No.
14/051,417, filed on Oct. 10, 2013, which 1s herein incor-

porated by reference in its entirety for all purposes.

BACKGROUND

Sensing elements used for detecting different environ-
mental parameters, such as velocity, speed, gravitational
force, pressure, electromagnetic radiation, are widely used
in various devices. As technology advances, sensing devices
with higher speed and sensitivity are of high demand.
However, the current processes used for producing these
sensing devices are relatively complex, require more mate-
rial and thus lead to higher manufacturing cost.

From the foregoing discussion, there 1s a desire to provide
an 1improved and simplified package for sensing devices. It
1s also desirable to provide simplified methods to produce a
reliable package for sensing devices at relatively low cost.

SUMMARY

Embodiments generally relate to semiconductor packages
and methods for forming a semiconductor package. In one
embodiment, a semiconductor package 1s disclosed. The
semiconductor package includes a package substrate having
a die region on a first surface thereotf. The package includes
a die having a sensing element. The die 1s disposed 1n the die
region and 1s electrically coupled to contact pads disposed
on the first surface of the package substrate by insulated wire
bonds. A cap 1s disposed over the first surface of the package
substrate. The cap and the first surface of the package
substrate define an 1nner cavity which accommodates the die
and the 1nsulated wire bonds. The insulated wire bonds are
directly exposed to an environment through at least one
access port of the package.

In another embodiment, a method for forming a semicon-
ductor package 1s presented. The method includes providing
a package substrate having a die region on a {first surface
thereol. A die having a sensing element 1s provided. The die
1s attached to the die region. The die 1s electrically coupled
to the contact pads disposed on the first surface of the
package substrate by insulated wire bonds. A cap 1s provided
over the first surface of the package substrate. The cap and
the first surface of the package substrate define a cavity
which accommodates the die and the sulated wire bonds.
The insulated wire bonds are directly exposed to an envi-
ronment through at least one access port of the package.

These and other objects, along with advantages and
features of the present invention heremn disclosed, will
become apparent through reference to the following descrip-
tion and the accompanying drawings. Furthermore, 1t 1s to be
understood that the features of the various embodiments
described herein are not mutually exclusive and can exist 1n
various combinations and permutations.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings, like reference characters generally refer
to the same parts throughout the different views. Also, the
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drawings are not necessarily to scale, emphasis instead
generally being placed upon 1llustrating the principles of the

invention. In the following description, various embodi-
ments of the present invention are described with reference
to the following drawings, 1n which:

FIGS. 1a-1e show simplified cross-sectional views of
various embodiments of a package;

FIG. 2 shows simplified cross-sectional view of another
embodiment of a package;

FIGS. 3a-3b6 show simplified cross-sectional views of
various other embodiments of a semiconductor package;

FIG. 4 shows simplified cross-sectional view of another
embodiment of a semiconductor package; and

FIGS. Sa-5e, FIGS. 6a-6/, FIGS. 7a-7f, FIGS. 8a-85 and
FIGS. 94-9b6 show various embodiments of a process for
forming a semiconductor package.

DETAILED DESCRIPTION

Embodiments generally relate to semiconductor packages
and methods for forming a semiconductor package. The
packages are used to package one or more semiconductor
dies or chips. The die, for example, includes a sensor or
sensing element. The die, for example, may be a micro-
electro-mechanical systems (MEMS) die suitable for use 1n
microphone, gyroscope, accelerometer, optical sensor, eftc.
For the case of more than one die, the dies may be arranged
in a planar arrangement, vertical arrangement, or a combi-
nation thereof. The packages may be incorporated into
clectronic products or equipment, such as automotive prod-
ucts, phones, computers as well as mobile and mobile smart
products. Incorporating the packages into other types of
products may also be usetul.

FIGS. 1a-1e show simplified cross-sectional views of
vartous embodiments of a package. The semiconductor
packages 100a-100e, as shown 1 FIGS. 1a-1e, include a
package substrate 101. The package substrate includes first
and second major surfaces 101q-1015. The first major
surface 101a, for example, may be referred to as the top
surface and the second major surface 1015, for example,
may be referred to as the bottom surface. Other designations
for the surfaces may also be useful.

The package substrate may be a single layer substrate or
a multi-layer substrate. For a multi-layer substrate, the
different layers can be laminated or built-up. Various mate-
rials can be used to form the package substrate. In one
embodiment, the package substrate includes a printed circuit
board (PCB) substrate. The PCB substrate, for example,
includes a glass-reinforced epoxy, such as a FR-4 based
laminated substrate. In another example, the substrate may
include a polymer substrate which i1s not internally rein-
forced, such as but not limited to polyimide substrate. Other
types of PCB matenials are also useful. Alternatively, the
package substrate includes ceramic or semiconductor based
substrate. In another embodiment, the package substrate
includes a metallic structure which provides both a die
attach or mounting region for a die and electrical connec-
tions to the die and to external component. Other suitable
types of substrate materials may also be used as the package
substrate.

In one embodiment, the first major surface of the package
substrate icludes first and second regions. The {first region
105a, for example, 1s a die or chip region on which a die 110
1s mounted and the second region 1055, for example, 1s a
non-die region. In one embodiment, the non-die region
surrounds the die region. The die region, for example, may
be disposed 1n a central portion of which the die 1s mounted
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and a non-die region which 1s outside of the die region. The
die region, for example, may be concentrically disposed
within the periphery of the package substrate. Other con-
figurations of die and non-die regions may also be useful.

Conductive traces (not shown) are formed on at least the
first major surface of the package substrate. Generally,
conductive traces are provided on both the first and second
major surfaces. The traces on the first major surface are
coupled to the traces on the second major surface by vias
(not shown), which are electrically coupled to package
contacts 160 mounted on the second major surface of the
package substrate. In one embodiment, contact/bond pads
132 are provided on the non-die region of the substrate. For
example, each of the conductive traces includes a contact/
bond pad region and/or a line region. The contact pads are
disposed on the contact/bond pad regions of the conductive
traces on the first major surface for coupling with a semi-
conductor die or chip. Providing contact pads on the second
or on both major surfaces 1s also useful. The contact pads,
in one embodiment, include a conductive layer, such as Cu,
Al, Ag, Au, or any alloy thereof. Alternatively, the contact
pads may include a plurality of conductive layers stacked
one on another. Other suitable types of conductive material
may also be usetul.

Package contacts 160 are disposed on the second major
surface of the package substrate. The package contacts, for
example, are spherical shaped structures or balls. The pack-
age contacts protrude from the second major surface of the
package substrate. Providing package contacts which do not
protrude from the second major surface of the package
substrate, such as solder lands, may also be useful. The
package contact 1s formed of a conductive material. The
package contacts, for example, can be formed from solder.
Various types of solder can be used to form the package
contacts. For example, the solder can be a lead-based or non
lead-based solder. Other suitable types of conductive mate-
rials may also be used to form the package contacts.

A semiconductor die 110 1s mounted on the substrate. The
die includes a micro-electro-mechanical systems (MEMS)
device, for instance, a cantilever switch beam, resonator
mass, capacitor electrode or any combination thereof. The
MEMS device may function as, for example, a transducer, a
sensor, an actuator or combination thereof, depending on the
specific application. In one embodiment, the die includes a
sensor or sensing element 115 which requires access to or 1n
communication with an environment, including internal
environment and external environment outside of the pack-
age. In a more specific example, the die, being a sensor and
having a sensing element, 1s a pressure sensor. Other types
ol sensor may also be useful. The die, as shown, includes
active and 1nactive major surfaces 1104-1105. In one
embodiment, the sensing element 1s disposed on the active
major surface 110a. Providing the sensing element at other
parts of the die may also be usetul.

In some embodiments, the sensing element may be sealed
under a cap layer (not shown) on top of which a final
passivation layer 117 1s disposed. In such case, the passi-
vation layer covers the active surface of the die, such as that
shown 1n FIG. 1a, except at the locations where die pads are
disposed. In some other embodiments, such as for use 1n
microphone application, the sensing element and locations
where die pads are disposed are not covered by the passi-
vation layer.

The active surface 110qa, for example, includes die pads
113 to provide access to the internal circuitry of the die. As
shown, the die pads are located on the active major surface
and the periphery of the die. In one embodiment, the active
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surface of the die includes low to medium number of I/O
connections or die pads for a die size of about, for example,
1 mmx1 mm. For example, the number of I/O connections
or die pads 1s about 3-20. Other suitable numbers of die pads
may also be useful. As shown, the active surface of the die
may include openings 1n the final passivation layer to expose
the die pads. Providing the die pads at other locations of the
die can also be useful. In one embodiment, the inactive
surface 1106 1s mounted onto the die attach region of the
substrate. In one embodiment, the die 1s attached to the die
attach region of the first major surface of the package
substrate using an adhesive 120. The adhesive, 1n one
embodiment, includes an insulating adhesive. Various suit-
able types of adhesives, for example, epoxy, paste, film or
tape, can be used.

The die, 1n one embodiment, 1s electrically connected to
the package substrate by wire bonds. The wire bonds, in one
embodiment, include insulated wires 145. The 1nsulated
wires, Tor example, are attached to die pads of the die and to
the contact pads on the first major surface of the package
substrate. Simplified top and side cross-sectional views of
the wire bonds are shown 1n A' and B' respectively 1n greater
detail. The wire bonds, 1n one embodiment, include con-
ductive wires 142 having an outer coating 143 as shown 1n
A' and B'. The conductive wires, for example, include Au,
Cu, Ag or any alloy thereof while the outer coating includes
an 1nsulation material, such as dielectric material. The
dielectric material, for example, includes polymer. Any
other suitable types of conductive and insulation matenals
may also be used for the conductive wires and the outer
coating.

The outer coating, for example, includes suflicient thick-
ness to protect the conductive wires. The thickness of the
outer coating, for example, may be about 0.2-30% of the
thickness of the conductive wires. For example, the thick-
ness of the outer coating 1s about 50-7500 nm. Other suitable
thickness ranges for the outer coating may also be useful. In
one embodiment, a first end 145« of the wire bond 1s bonded
to the die pad so as to form a ball bond 146 while a second
end 1456 of the wire bond 1s bonded to the contact pad so
as to form a stitch or wedge bond 147 as shown 1n FIG. 1a.
In an alternative embodiment, a stud bump 144 1s formed on
the die pad. A first end of the wire 145q 1including a ball 149
1s connected to the contact pad and a second end of the wire
1455 1s bonded on the stud bump to form a stitch bond 148
as shown in FIG. 15. Other suitable wire bond configura-
tions may also be useful. The outer coating of the wire bond,
for example, covers or extends to about the entire length of
the wire. For example, the outer coating may cover or extend
to about the entire length of the wire except at the ball or
portion of the wedge bond or ball bond. The outer coating
143, for example, 1s conformal to the surface of the wire 142,
including the bending portion of the wire. The outer coating,
for example, should be sutliciently resilient and elastic such
that neither cracking nor flaking would be found in the outer
coating when the wire 1s processed.

In one embodiment, protective layers 150 may optionally
be provided to cover or protect the stud bump, stitch or ball
bond at the first or second end of the wire bond as illustrated
in FI1G. 1¢c. Applying the protective layer to other parts of the
wire, the die or combination thereof, may also be usetul. The
protective layers should be suflicient to cover and prevent
oxidation on the stud bump and/or the stitch or ball bond.
The protective layer provides the mechanical reinforcement
to the bonding portion of the wire. The protective layer, for
example, includes silica based gel, epoxy based adhesive or
s1licone based compound. The protective layer, for example,
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may be provided with or without any filler. For protective
layer having filler, the filler size, for example, 1s smaller than
the minimum pitch between two adjacent wire bonds. In one
embodiment, the protective layer 1s a silicone compound
without filler. Other suitable types of matenials may also be
used for the protective layer.

As described 1n FIGS. 1a-1c¢, the semiconductor package
includes a semiconductor die which includes a sensor or
sensing element. In addition to the semiconductor die, one or
more different types of dies or devices may also be mounted
on the package substrate. For example, the second or more
dies (not shown) can be a surface mount device which may
include an application specific integrated circuit (ASIC)
such as an amplifier, memory device such as a dynamic
random access memory (DRAM), a static random access
memory (SRAM) and various types of non-volatile memo-
ries including programmable read-only memories (PROM)
and flash memories, an optoelectronic device, a logic device,
a communication device, a digital signal processor (DSP), a
microcontroller, a system-on-chip, as well as other types of
devices. Other suitable types of devices may also be
mounted on the package substrate.

In the case where the semiconductor package includes at
least a die having a sensing element 110, such as a MEMS
die, and a surface mount device 170, the wire bond 145 may
include any suitable bond or loop configuration or profile
which avoids high vertical wire loops which could poten-
tially lead to thicker package. In one embodiment, the wire
bond may include a bond profile having a lateral curvature
as shown 1 FIG. 1d. Such bond or loop profile may be
referred to as J bond or J loop and the top view of a portion
ol the package 1s shown as C'. Such configuration 1s advan-
tageous as 1t allows a thinner package to be formed and
enables a more reliable and stable loop profile. Other suit-
able types of bond or loop profile may also be used.

A cap 180 15 disposed over the first major surface of the
package substrate as shown in FIGS. 1a-1d. The cap 1s
attached to the first major surface of the package substrate
using an adhesive, solder paste, etc. (not shown). In one
embodiment, a ground ring 190 may be provided on and
exposed from the first major surface of the package substrate
to which the cap 1s electrically attached as shown 1n FIG. 1a.
The cap and the package substrate, 1n one embodiment,
define an inner cavity 182 which accommodates the semi-
conductor die 110 and the wire bonds 145. The cap includes
a sullicient height to cover the semiconductor die and wire
bonds. For example, the cap includes a height of about 0.5
to 1 mm. Other suitable height dimensions may also be
usetul, depending on design requirement or specific appli-
cation.

In one embodiment, the cap includes flat or even top
portion 180aq having inner and outer surfaces 180a,_, and
sidewalls 1805 which are about perpendicular to the top
portion of the cap. For example, the sidewalls are vertical
with respect to the horizontal top portion of the cap. Alter-
natively, the sidewalls of the cap are sloped or slanted. The
angle O of the sidewalls, being the acute or right angle
between the sidewall and the horizontal plane of the first
major surface of the substrate, for example, 1s about 70-90°
Other sidewall angles may also be usetul. The top portion
and sidewalls of the cap, 1n one embodiment, are made of a
single material as shown 1 FIGS. 1a-1d. For example, the
top portion and the sidewalls of the cap are made of stainless
steel, copper, aluminum, etc. Other suitable types of material
may also be useful for the cap. One or more plating layers
may be formed thereon. In one embodiment, the plating
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material can be nickel or matt tin. Other suitable types of
plating material may also be usetul.

In another embodiment, the top portion and the sidewalls
of the cap are made of different materials. For example, as
shown 1n FIG. 1e, the top portion 180a of the cap includes
a first material while the sidewalls 1806 of the cap include
a second material. The first material, for example, includes
transparent material, such as glass. Any other suitable types
of material which 1s transparent to the desired range of light
signal may be used for the top portion of the cap. The
sidewalls of the cap, for example, include a dielectric
material, such as mold compound. Other suitable types of
material may be used for forming the sidewalls of the cap.

Although the cap having two different materials 1s shown
to be modified or applied for the embodiment shown 1n FIG.
1a, 1t 1s understood that such configuration of the cap may
also be suitable for the embodiments shown 1n FIGS. 15-14.
As such, details for these packages may not be described or
described 1n detail.

In one embodiment, the cap includes an opening 184
which passes through the mner and outer surfaces of the top
portion 180a of the cap as shown i FIGS. 1la-le. The
opening, for example, serves as an access port providing
access path between the sensing element and the external
environment outside of the semiconductor package. The
wire bonds, for example, are also directly exposed to the
ambient through the access port of the cap as shown 1n FIGS.
la-1e. For illustration purposes, one opening i1s shown.
Providing more than one opeming may also be useful. The
opening, for example, 1s disposed over the sensing element.
Providing the opeming at other location of the cap may also
be useful.

FIG. 2 shows simplified cross-sectional view of another
embodiment of a package 200. The package 1s similar to the
package as described 1n FIG. 1a. For example, the package
includes a package substrate 101 and a semiconductor die
110 attached to the first major surface 101a of the substrate.
The semiconductor die 1s electrically connected to the
package substrate using the msulated wires 145 as described
in FIG. 1a. As such, common elements may not be described
or described 1n detail.

In one embodiment, the sensing element 215 1s disposed
on the active surface of the die. For example, the sensing
clement 215 and locations where die pads 113 are disposed
are not covered by the final passivation layer 217. In one
embodiment, a sealing ring 227 1s provided surrounding the
sensing element and a lid 229 1s attached on top of the
sealing ring. The sealing ring, for example, includes a layer
of S10,. Other suitable types of sealing material may also be
usetul. The lid, as shown 1n FIG. 2, 1s attached to the sealing
ring by deposition. The lid, 1n one embodiment, includes a
semiconductor lid. The lid, for example, may be made of
materials such as SiN, S1C, S1 and Ge. Other suitable types
ol materials may also be used for the lid so long as 1t can
protect the sensing element from noise signal and provide
mechanical stifiness to form a cavity underneath 1it.

A cap 280 1s disposed over the first major surface of the
package substrate as shown 1n FIG. 2. The cap 1s attached to
the first major surface of the package substrate using an
adhesive, solder paste, etc. (not shown). The cap, as shown,
includes tlat or even top portion 280a having inner and outer
surtaces 280a1.28042 and sidewalls 2805 which are about
perpendicular to the top portion of the cap. In one embodi-
ment, the cap includes one or more openings at the sidewalls
2806 of the cap while the top portion 280a of the cap is
devoid of an opening. For illustration purposes, two open-
ings 284a-284b are shown. Providing more than two open-
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ings at the sidewalls and/or providing one or more openings
at the top portion of the cap may also be usetul. Providing
the openings at any other suitable locations of the cap may
also be usetul. The openings at the sidewalls, for example,
pass through the inner and outer surfaces 2805 ,-2805,, of the
sidewalls of the cap as shown 1n FIG. 2. The openings, as
shown, serve as access ports providing access paths between
the sensing element and the external environment. The wire
bonds 145, for example, are also directly exposed to the
ambient through the access ports of the cap as shown 1n FIG.
2.

Although the cap having two opemings and the lid and
sealing ring as shown 1n FIG. 2 1s applied for, for example,
the embodiment shown 1n FIG. 14, 1t 1s understood that such
configurations may also be suitable for the embodiments
shown 1n FIGS. 1b-1e. As such, details for these packages
may not be described or described 1n detail.

FI1G. 3a-3b show simplified cross-sectional views of other
embodiments of a package 3004-3005. The packages are
similar to the package as described in FI1G. 1a. For example,
the packages include a package substrate 301 and a semi-
conductor die 110 attached to the first major surface 301a of
the substrate. The semiconductor die 1s electrically con-
nected to the package substrate using the insulated wires 145
as described i FIG. 1a. As such, common elements may not
be described or described 1n detail.

In one embodiment, the package substrate 301 as shown
in FIG. 3a differs from the package substrate 101 of FIG. 1a
in that 1t includes a metallic structure. For example, the
package substrate 301 may include a leadframe based or
premolded leadirame substrate. Other suitable types of
metallic substrate may also be usetful. The metallic substrate
may include, for example, copper. Other types of conductive
materials may also be useful. In one embodiment, the
metallic substrate includes a patterned metallic structure or
leadirame. The patterned metallic structure defines conduc-
tive line and traces which allow routing of signals under the
die region 30354, as well as areas outside of the die region
such as the non-die region 3035. For example, the patterned
metallic structure defines a line level 330 and a via or contact
level 340. The line level includes conductive traces 334. In
one embodiment, the conductive traces are proximate to the
first or top major surface 301a of the package substrate and
coupled to the contact pads 132. The via or contact level
includes via contacts 342 which are coupled to the conduc-
tive traces. The via contacts may be coupled to the package
contacts 160 on the second or bottom major surtace 3015 of
the package substrate. For example, the via contacts may
extend from the line level to the second major surface of the
package substrate to couple to the package contacts (not
shown). In one embodiment, the via contacts couple the
conductive traces to respective package contacts. Other
configurations of via contacts may also be usetul.

In one embodiment, the package substrate includes a
dielectric layer 350 as shown 1n FIG. 3a. The dielectric layer
350 may include first and second dielectric layers 350a-
35056. For example, the first dielectric layer 3504 1solates the
conductive line and the second dielectric layer 3505 1solates
the via levels. Other configurations may also be useful. The
dielectric layer, for example, includes polymer, such as mold
compound, or solder mask material. Other types of dielectric
materials, such as dielectric composites, may also be useful.
The dielectric layer, for example, includes openings expos-
ing the via contacts. The bottom surface of the dielectric
layer, as shown, need not be coplanar with the second major
surface of the package substrate. For example, the dielectric
layer may be recessed below the via contacts, as shown 1n
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FIGS. 3a-3b. As shown, the via contacts may protrude above
or extend beyond the bottom surface of the dielectric layer.

As described, the package substrate includes a conductive
line and via level and a dielectric layer 1solating the con-
ductive lines and vias. In other embodiments, the package
substrate may include two or more line and via levels and
dielectric layers (not shown). In this case, either one of the
via levels or a portion of one of the line levels 1s exposed
from the bottom of the package substrate for further inter-
connection to external component.

In another embodiment, stiflener 360 may optionally be
provided at the non-die region 3055 of the package sub-
strate. As shown 1n FIG. 35, stiffener may be provided below
the conductive traces located at the non-die region of the
package substrate. Alternatively, the stiffener may be pro-
vided in the non-die region as well as partially extended to
the die region 305a of the package substrate. The stiffener,
for example, should be sufliciently rigid to serve as a support
and withstand further processing steps. By way of non-
limiting example, the stiffener includes a non-electrically
conductive tape. Various types of materials may be used for
the stiffener.

Although the semiconductor package as shown 1n FIGS.
3a-3b are similar to the embodiment shown 1n FIG. 1a, 1t 1s
understood that such package substrate as described in
FIGS. 3a¢-3b6 may also be suitable for the embodiments
shown 1n FIGS. 15-1e and FIG. 2. As such, details for these
packages adopting the package substrate as described in
FIGS. 3a-36 may not be described or described 1n detail.

FIG. 4 shows simplified cross-sectional view of another
embodiment of a package 400. The package 1s similar to the
package as described 1n FIG. 1a. For example, the package
includes a package substrate 401 and a semiconductor die
410 attached to the first major surface 401a of the substrate.
The semiconductor die 1s electrically connected to the
package substrate using the msulated wires 145 as described
in FIG. 1a. As such, common elements may not be described
or described 1n detail.

In one embodiment, the semiconductor package 400
includes a semiconductor die having a recess 414. In one
embodiment, the recess 1s disposed 1n an 1nactive region of
the die. The recess, for example, extends from the mactive
surface 41054 of the die. In one embodiment, the dimension
of the recess 1s sullicient to accommodate a sensor or sensing
clement 415. For example, the width (W) of the recess 1s
smaller than the width of the die and the depth (D) of the
recess 1s less than the height of the die. As shown in FIG. 4,
the sensing element 1s attached to the bottom 4145 of the
recess. The sensing element, for example, 1s fabricated
within the recess using known or other suitable semicon-
ductor fabrication technologies. Other configurations of
mounting the sensing element are also useful. Inner side-
walls 414a of the recess, for example, include a slanted
profile. Providing other sidewall profiles, such as a vertical
sidewall profile, 1s also useful.

The semiconductor die 410 1s attached to the first major
surface 401a of the package substrate using, for example, an
adhesive 420. In one embodiment, the package substrate
includes an opening 484 as shown 1n FIG. 4. The opening,
in one embodiment, passes through the first and second
major surfaces 401a-4015 of the package substrate and the
adhesive 420. The opening, for example, serves as an access
port providing access path between the sensing element and
the environment. For illustration purposes, one opening 1s
formed through the first and second major surfaces of the
package substrate. Providing more than one opening may
also be usetul. The openming, for example, 1s disposed below
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the sensing element. Providing the opening at other location
of the package substrate may also be useful.

A cap 480 15 disposed over the first major surface of the
package substrate. The cap i1s attached to the first major
surface of the package substrate using an adhesive, solder
mask, etc. (not shown). The cap and the package substrate,
similar to that described 1n FIG. 1, define an inner cavity 482
which accommodates the semiconductor die 410 and the
wire bonds 145. The cap includes flat or even top portion
480a having mnner and outer surfaces 480aq,-480a, and
sidewalls 48056 which are about perpendicular to the top
portion of the cap. Providing the cap having slanted side-
walls 1s also useful. The cap, in one embodiment, 1s devoid
of an opening. The wire bonds 143, as shown 1n FIG. 4, are
also directly exposed to the ambient through the access port
of the package substrate.

The semiconductor package as described in FIG. 4 may
optionally be modified to include the wire bond configura-
tion, the protective layers and/or the wire bond loop profile
as described in, for example, FIGS. 15-1d respectively. The
semiconductor package as described mn FIG. 4 may also
include the cap and lid and/or the package substrate as
described 1n, for example, FIGS. 2 and 3a-3b respectively.
As such, details of the features as described with respect to

these embodiments will not be repeated or described in
detaul.

As described 1n the embodiments of FIGS. 1a-1e, 2, 3a-35
and 4, the wire bonds include i1nsulated wires. The outer
coating of the insulated wire protects the conductive wire
from adverse eflects such as contamination, oxidation and/or
corrosion caused by the environment. The outer coating also
prevents wire shorting. In addition, the use of the msulated
wires avoilds the use of encapsulant or mold compound to
encapsulate the semiconductor die and wire bonds and
avoids the use of hermetic sealing for the attachment of the
cap.

Furthermore, a screen or other shield that 1s transparent to
sound or light which 1s generally provided to cover the
access port to prevent debris or particles from entering the
package 1s also not required. This allows the sensing element
to be exposed and interact or communicate directly with the
environment/ambient, including internal environment and
external environment outside of the package, leading to
better sensing performance. Such configuration thus enables
a simplified and cost effective package to be produced.

In addition, in embodiments where the second end of the
wire bond which 1s bonded to the die pad includes a stitch
bond on the stud bump, such as that shown 1n FIG. 15, a low
loop profile 1s formed. This enables a thinner semiconductor
package to be formed. The stitch bond strength 1s also
increased as the stitch bond i1s formed on the stud bump.
Moreover, 1n embodiments where the wire bonds include a
lateral loop configuration, such as that described 1n FIG. 1c,
it avoids looping over the second device, leading to more
stable and reliable electrical connection to be formed.

FIGS. 5a-5¢ show an embodiment of a process for form-
ing a semiconductor package 500. Referring to FIG. 5a, a
package substrate 101 1s provided. The package substrate
may be a single layer substrate or a multi-layer substrate. For
a multi-layer substrate, the diflerent layers can be laminated
or bult-up. Various materials can be used to form the
package substrate. In one embodiment, the package sub-
strate 1ncludes a printed circuit board (PCB) substrate. The
PCB substrate, for example, includes a glass-reinforced
epoxy, such as a FR-4 based laminated substrate. In another
example, the substrate may include a polymer substrate
which 1s not internally reinforced, such as but not limited to
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polyimide substrate. Other types of PCB materials are also
useful. In another embodiment, the package substrate
includes a metallic structure which provides both a die
attach or mounting region for a die and electrical connec-
tions to the die and to external component. Alternatively, the
package substrate includes ceramic or semiconductor based
substrate. Other suitable types of substrate materials may be
used as the package substrate.

The package substrate includes first and second major
surfaces 101q-1015. The first major surface 101a, for
example, may be referred to as the top surface and the
second major surface 1015, for example, may be referred to
as the bottom surface. Other designations for the surfaces
may also be useful. The first major surface of the package
substrate includes first and second regions. The first region
105a, for example, 1s a die or chip region and the second
region 1055, for example, 1s a non-die region.

The process continues by providing and attaching a
semiconductor die 110 to the die attach region defined on the
top major surface of the package substrate as shown 1n FIG.
5b. The semiconductor die includes a sensor or sensing
element 115, similar to that described in FIG. 1a. As such,
details of the die having the sensing element will not be
described or described 1n detail. In one embodiment, the die
1s mounted to the die attach region using, for example, an
adhesive 120. Other suitable methods may also be used to
mount the die to the package substrate.

Reterring to FIG. 5¢, the process continues by electrically
coupling the die pads 113 to the contact pads 132 on the top
surface of the substrate using wire bonds 145. The wire
bonds, 1n one embodiment, include insulated wires such as
that described 1in FIGS. 1a-1e, 2, 3a-36 and 4. As such,
details of the insulated wires will not be described 1n detail.
The 1msulated wire bonds may be formed and applied to the
die and contact pads using any suitable techniques. In one
embodiment, a first end 145a of the wire bond 1s bonded to
the die pad so as to form a ball bond 146 while a second end
1455 of the wire bond 1s bonded to the contact pad so as to
form a stitch or wedge bond 147. Other suitable types of
wire bonding configuration may also be usetul.

The process continues by providing and attaching a cap
180 over the package substrate. The cap, for example, 1s
attached to the package substrate using an adhesive, solder
mask, etc. (not shown). Other suitable techniques may also
be employed to mount the cap to the package substrate. The
cap, for example, 1s similar to the one described in FIGS.
la-1e. For example, the cap includes an opening 184 which
passes through the mner and outer surfaces 180a,-180a, of
the top portion 180a of the cap as shown 1n FIG. 3d. The
opening, for example, serves as an access port providing
access path between the sensing element and the environ-
ment. The wire bonds 145, for example, are also directly
exposed to the ambient through the access port of the cap.
For 1llustration purposes, one opening 1s shown. Providing
more than one opening may also be usetul. The opening, for
example, 1s disposed over the sensing element. Providing the
opening at other location of the cap may also be usetul.

The cap, 1n one embodiment, 1s formed of a metal foil.
The cap having the top portion 180aq and sidewalls 1805
configuration as integral part thereof i1s formed from, for
example, a metal foi1l by punching. The metal foil may
include one or more plating layers. For example, the cap can
be made of nickel plated copper or aluminum {foil. The
opening of the cap, mm one embodiment, 1s formed by
ctching, drilling, punching, grinding or any combination
thereof. Other suitable materials and techniques may be used
to form the cap.



US 10,381,280 B2

11

The process continues by forming package contacts 160.
For example, the package contacts are formed on via con-
tacts (not shown) on the second surface of the package
substrate as shown in FIG. Se. The package contacts, for
example, may include spherical shaped structures or balls
arranged 1n grid pattern to form a BGA type package. As
such, a semiconductor package such as that shown in FIG.
1a 1s formed. The package contacts are formed of a con-
ductive material. The package contacts, for example, can be
formed from solder. Various types of solder can be used to
form the package contacts. For example, the solder can be a
lead-based or non lead-based solder.

The process as described with respect to FIGS. 5a-5¢ may
be modified. For example, the process may be modified in
which a stud bump 1s formed on the die pad. A first end of
the wire including a ball 1s connected to the contact pad 132
and the second end of the wire 1s bonded on the stud bump
to form a stitch bond. As a result, a semiconductor package
such as that shown in FIG. 15 1s produced. Moreover, the
process may optionally include the step of providing and
forming protective layers 150 covering and protecting the
stud bump and/or the stitch or ball bond at the first or second
end of the wire bond so that a semiconductor package such
as that 1llustrated 1n FIG. 1c¢ 1s formed. The protective layer,
for example, may be cured by UV light or heat. Alterna-
tively, the process may optionally be modified to provide a
cap of which the top portion and sidewalls of the cap are
made of different materials such as that shown 1n FIG. 1le.
For example, sidewalls of the cap which are made of
dielectric maternial such as mold compound may be provided
over the package substrate prior to attaching the die on the
package substrate. The top portion of the cap made of
transparent material having an opening may be provided and
attached to the sidewalls after forming the insulated wire
bonds.

FIGS. 6a-6/ show another embodiment of a method for
forming a semiconductor package 600. Referring to FIG. 6aq,
a base or metallic carrier 601 1s provided. The base carrier,
for example, may include a leadirame. Other suitable types
ol base carrier may also be used. The base carrier 601, 1n one
embodiment, includes a conductive carrier having first and
second major surfaces 601a-b. The first and second major
surfaces, for example, include planar surfaces. Providing
any one ol the major surfaces to be non-planar may also be
useful. The first major surface, for example, includes die
attach region 305q and non-die region 3055. The conductive
carrier, for example, includes Cu, Cu alloy, Fe or Ni—Fe
alloy. Other suitable types of conductive materials may also
be useful. The thickness of the conductive carrier, for
example, 1s about 100-300 um. Other suitable thicknesses
may also be useful. The conductive carrier, for example,
may serve as part of the interconnect structures, such as
conductive trace or line and via contacts, of the package
substrate as will be described later.

In one embodiment, the process continues by processing,
the carrier. In one embodiment, a first plated pattern (not
shown) 1s formed on the first or top major surface of the
carrier 601a. In one embodiment, the first plated pattern
defines the conductive traces of the line level 330. The
carrier 1s patterned, removing portions exposed by the first
plated pattern (not shown) as shown i FIG. 6b. For
example, a wet etch 1s used to remove exposed portions of
the carrier. In one embodiment, the first major surface 601a
1s processed such that 1t includes a non-planar surface
having protruded portions and a plurality of recesses 610.
The protruded or unetched top portions of the carrier define
the conductive traces 334 while the recesses 610 define
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locations of which i1solation regions separating adjacent
conductive traces are to be formed.

Referring to FIG. 6c¢, the process continues to form a first
dielectric material 350a which fills the recesses between the
conductive traces. In one embodiment, a dielectric layer 1s
formed on the frontside or top surface of the carrier, filling
the spaces between the conductive traces. The dielectric
layer, for example, 1s formed of polymer, solder mask or
dielectric composite materials. The dielectric layer, for
example, may be formed by dispensing, printing, lamination
or spin on techniques. Other dielectric materials and tech-
niques may also be useful.

The process continues by processing the carrier. A second
plated pattern (not shown) 1s formed on the second or bottom
major surface of the carrier 6015. In a more specific
example, the first plated pattern 1s diflerent from the second
plated pattern. In one embodiment, the second plated pattern
defines the via contacts of the via level 340. For example, the
second plated pattern corresponds to via contacts. The
carrier 1s patterned, removing portions of the bottom surface
of the carrier which are exposed by the second plated pattern
as shown in FIG. 6d. For example, a wet etch 1s used to
remove exposed portions of the carrier. This leaves remain-
ing portion of the carrier which forms the via contacts 342
of the via level as shown in FIG. 6d.

Referring to FIG. 6e, the process continues to form a
second dielectric material 3505 which fills the gaps between
the via contacts. In one embodiment, a dielectric layer 1s
formed on the backside of the carrier, filling the spaces
between the via contacts. The dielectric layer 3505, for
example, 1s formed of polymer, solder mask or dielectric
composite materials. The dielectric layer, for example, may
be formed by dispensing, printing, lamination or spin on
techniques. Other dielectric matenials and techniques may
also be usetul.

The first and second plated patterns as described above,
for example, may be formed over the surfaces of the carrier
in a single process step. Forming the first and second plated
patterns on the surfaces of the carrier 1n separate process
steps may also be usetul. The processes as described with
respect to FIGS. 6a-6¢ form the package substrate 301 of the
package.

Reterring to FIG. 6/, a semiconductor die 110 1s provided
and attached to the die attach region 305a defined on the top
major surface of the package substrate 301a. The semicon-
ductor die includes a sensor or sensing element 115, similar
to that described 1n FIG. 1a. As such, details of the die will
not be described or described 1n detail. In one embodiment,
the die 1s mounted to the die attach region using, for
example, an adhesive 120. Other suitable methods may also
be used to mount the die to the carrier.

The process continues by electrically coupling the die
pads 113 to the top surface of the carrier using wire bonds
as shown 1n FIG. 6g. The wire bonds, 1n one embodiment,
include msulated wires 145 such as that described in FIGS.
la-1e, 2, 3a-3b and 4. As such, details of the insulated wires
will not be described 1n detail. The insulated wire bonds may
be formed and applied to the die and contact pads using any
suitable techniques. For example, the techmque as described
in FIG. 5¢ may be used. Other suitable techmques may also
be useful.

The process continues by providing and attaching a cap
180 over the package substrate as shown in FIG. 6/4. The
cap, for example, 1s attached to the package substrate using
an adhesive, solder mask, etc. (not shown). Other suitable
techniques may also be employed to mount the cap to the
package substrate. The cap, for example, 1s stmilar to the one
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described 1n FIGS. 1a-1e. For example, the cap includes an
opening 184 which passes through the inner and outer
surfaces 180a,-180a, of the top portion 180a of the cap as
shown 1n FIG. 6/4. The opening, for example, serves as an
access port providing access path between the sensing
clement and the environment. The wire bonds, for example,
are also directly exposed to the ambient through the access
port of the cap. The cap having the opening, for example, 1s
tformed by techniques described 1n FIG. 34 above.

The process may continue to form package contacts 160
on the bottom of the package substrate, similar to that
described 1in FIG. 5e above. As such, a semiconductor

package such as that shown 1n FIG. 3q 1s formed.

FIGS. 7a-7f show another embodiment of a method for
forming a semiconductor package 700. The process includes
similar process steps as that described 1n FIGS. 6a-6/. As
such, common process steps may not be described or
described in detail. Referring to FIG. 7a, a partially pro-
cessed package substrate 1s provided. The partially pro-
cessed package substrate 1s at the same stage as that
described i FIG. 6c¢. The materials and features of the
partially processed carrier are the same as that described in
FIG. 6¢. As such, common elements may not be described
or described 1n detail.

In one embodiment, the process continues by providing
and attaching a semiconductor die 110 to the die attach
region 305a defined on the top major surface of the carrier
601 as shown 1n FIG. 7b. The semiconductor die includes a
sensor or sensing element 115, similar to that described 1n
FIG. 1a. In one embodiment, the die 1s mounted to the die
attach region using, for example, an adhesive 120, similar to
that described 1n FIG. 6f, except that the second or bottom
surtace 6015 of the carrier 1s not yet processed at this stage.
Other suitable methods may also be used to mount the die to
the carrier.

Referring to FIG. 7c¢, the process continues by electrically
coupling the die pads 113 to the top surface of the carrier
using wire bonds. The wire bonds, in one embodiment,
include msulated wires 145 such as that described in FIGS.
la-1e, 2, 3a-3b and 4. As such, details of the insulated wires
will not be described 1n detail. The insulated wire bonds may
be formed and applied to the die and contact pads 132 using
any suitable techniques. For example, the technique as
described in FIG. 5¢ may be used. Other suitable techniques
may also be useful.

The process continues by providing and attaching a cap
180 over the package substrate as shown in FI1G. 7d. The cap
and method of attaching the cap, for example, are the same
as that already described 1in FIG. 6/2. As such, this process
step will not be described. In one embodiment, the process
continues to process the second or bottom surface 6015 of
the carrier, while having the cap attached to the top surface
of the carrier 601a as shown 1n FIG. 7e. The second surface
6016 of the carrier 1s patterned, removing portions of the
bottom surface of the carrier which are exposed using the
technique as described 1n FIG. 6d4. The remaining bottom
portions of the carrier form the via contacts 342 of the via
level as shown 1 FIG. 7e.

Referring to FIG. 7/, the process continues to form a
second dielectric material 3505 which {ills the gaps between
the via contacts. The second dielectric maternial and the
method of forming thereot are the same as that described in
FIG. 6e. As such, these common {features will not be
described or described 1n detail.

The process may continue to form package contacts 160
on the bottom of the package substrate, similar to that
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described in FIG. 5e above. As such, a semiconductor
package such as that shown 1n FIG. 3a 1s formed.

i

T'he processes as described with respect to FIGS. 6a-6/
and FIGS. 7a4-7f may be modified to further include a
stiflener 360. For example, the process as described 1in FIGS.

6a-6/2 may further include providing a stiffener below the
conductive traces 334, as shown in FIGS. 8a¢-8b, and the
process as described i FIGS. 7a-7f may further include
providing a stiffener below the conductive traces 334, as
shown 1n FIGS. 94-9b6. The stiflener may be located at the
non-die region of the package substrate. Alternatively, the
stiflener may be provided in the non-die region as well as
partially extended to the die region 305a of the package
substrate. The stiffener 360, for example, may be provided
alter patterning the bottom surface of the carrier (e.g., after
FIG. 6d or FIG. 7¢) and prior to forming the dielectric layer
3505, as 1llustrated 1n FIGS. 8a and 9a. The stifener, for
example, should be su 101ently rigid to serve as a support
and withstand further processing steps. By way of non-
limiting example, the stiffener includes a non-electrically
conductive tape. Various types of materials may be used for
the stiffener. As a result, a semiconductor package such as
that shown 1 FIG. 35 1s produced.

It 1s understood that the processes as described with
respect to FIGS. 6a-6/ and FIGS. 7a-7f may optionally be
further modified to include features disclosed in FIGS. 16-1e
and FIG. 2. As such, these modifications will not be
described or described in detail. Furthermore, for ease of
understanding, certain method steps as described above are
delineated as separate steps; however, these separately delin-
cated steps should not be construed as necessarily order
dependent or being separate 1n their performance.

The mvention may be embodied 1n other specific forms
without departing from the spirit or essential characteristics
thereof. The foregoing embodiments, therefore, are to be
considered 1n all respects 1llustrative rather than limiting the
invention described herein. Scope of the invention 1s thus
indicated by the appended claims, rather than by the fore-
going description, and all changes that come within the
meaning and range of equivalency of the claims are intended
to be embraced therein.

What 1s claimed 1s:

1. A semiconductor package comprising:

a package substrate, wherein the package substrate com-
prises a top substrate surface and a bottom substrate
surface, wherein the package substrate 1s defined with
a die region and a non-die region surrounding the die
region;

conductive traces disposed within the package substrate;

via contacts disposed within the package substrate and
below the conductive traces:

a die disposed on the top substrate surface and 1n the die
region, wherein the die comprises a micro-electro-
mechanical system (MEMS) sensor with a sensing
clement disposed on a surface of the die;

a cap disposed over the top substrate surface, wherein the
cap and the top substrate surface define an 1mner cavity
over the die, wherein the inner cavity comprises an
empty void over and surrounding the die;

at least one access port in communication with an external
environment outside of the semiconductor package,
wherein the access port exposes the sensing element to
the external environment through the empty void of the
iner cavity; and

package contacts disposed on the bottom substrate sur-
face, wherein the via contacts 1n the package substrate
couple the package contacts to the conductive traces.
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2. The semiconductor package of claim 1 wherein:
the cap comprises a top portion and sidewalls; and
the access port extends through mnner and outer surfaces

ol the top portion of the cap, wherein the access port 1s

disposed directly above the sensing element of the die.

3. The semiconductor package of claim 1 wherein:

the top substrate surface comprises contact pads in the
iner cavity between the die and the cap;

the die comprises die pads on the surface of the die; and

insulated wire bonds electrically coupling the die pads to
the contact pads, wherein each of the insulated wire
bonds comprises a conductive wire and a dielectric
coating surrounding the conductive wire.

4. The semiconductor package of claim 3 further com-

prising;

a stud bump disposed on each die pad, wherein a first end
of each of the imsulated wire bonds 1s coupled to the
contact pad by a ball bond and a second end of each of
the msulated wire bonds 1s coupled to the stud bump by
a stitch bond; and

a protective layer covering the first and second ends of
cach of the msulated wire bonds, wherein the protective
layer covers the ball bond and the stitch bond.

5. The semiconductor package of claim 1 wherein the
package substrate comprises a printed circuit board sub-
strate.

6. The semiconductor package of claim 1 wherein:
the cap comprises a top portion and sidewalls; and
the access port extends through inner and outer surfaces

of the sidewalls of the cap.

7. The semiconductor package of claim 6 comprising;:

a dielectric sealing ring disposed on the die and surround-

ing the sensing element;

a semiconductor lid 1s attached to a top surface of the
dielectric sealing ring;

wherein the semiconductor lid, the dielectric sealing ring
and the die define a sensing cavity which accommo-
dates the sensing element; and

wherein the sensing cavity i1s disposed within the inner
cavity, the access port of the cap exposes the sensing
cavity to the external environment through the empty
vold of the inner cavity.

8. The semiconductor package of claim 1 comprising a
non-conductive stiffener disposed within the package sub-
strate, wherein the non-conductive stiffener i1s disposed
below the conductive traces.

9. The semiconductor package of claim 8 wherein the
package substrate comprises a first dielectric layer, wherein
the first dielectric layer 1s disposed between the conductive
traces and 1solates one conductive trace from another con-
ductive trace, wherein the stiffener 1s disposed below the
first dielectric layer.

10. The semiconductor package of claim 9 wherein the
package substrate comprises a second dielectric layer,
wherein the second dielectric layer 1s disposed between the
via contacts and 1solates one via contact from another via
contact, wherein at least one of the via contacts extends
beyond a bottom of the second dielectric layer.

11. The semiconductor package of claim 10 wherein the
package substrate comprises a patterned leadirame, wherein
the patterned leadirame defines the conductive traces and the
via contacts, wherein the first and second dielectric layers of
the package substrate 1s disposed within recesses of the
patterned leadirame.

12. A semiconductor package comprising:

a package substrate, wherein the package substrate com-

prises a top substrate surface and a bottom substrate
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surface, wherein the package substrate 1s defined with
a die region and a non-die region surrounding the die
region;

conductive traces disposed within the package substrate;

via contacts disposed within the package substrate and
below the conductive traces;

a die disposed on the top substrate surface and 1n the die
region, wherein the die comprises die pads and a
sensing element disposed on a surface of the die,
wherein isulated wire bonds electrically couple the die
pads to contact pads disposed on the top substrate
surface, wherein each of the insulated wire bonds
comprises a conductive wire and a dielectric coating
surrounding the conductive wire;

a cap having a top portion and sidewalls disposed over the
top substrate surface, wherein the cap and the top
substrate surface define an nner cavity which accom-
modates the die and the insulated wire bonds, wherein
the top portion of the cap comprises a transparent
material and the sidewalls of the cap comprise a
dielectric material;

at least one access port in communication with an external
environment outside of the semiconductor package,
wherein the access port exposes the die to the external
environment; and

package contacts disposed on the bottom substrate sur-
face, wherein the via contacts 1n the package substrate
couple the package contacts to the conductive traces.

13. A semiconductor package comprising;:

a package substrate, wherein the package substrate com-
prises a top substrate surface and a bottom substrate
surface, wherein the package substrate 1s defined with
a die region and a non-die region surrounding the die
region;

a die having a bottom die surface attached to the die
region; and

a cap which includes a top and sides, wherein the sides of
the cap are attached to the non-die region of the top
substrate surface, wherein an mner surface of the cap
creates an 1nner cavity, wherein the mner cavity com-
prises an empty void over and surrounding the die.

14. The semiconductor package of claim 13 wherein:

the top substrate surface of the package substrate com-
prises contact pads 1n the cavity between the die and the
cap,

the die comprises die pads on a top surface of the die; and

wire bonds electrically coupling the die pads to the
contact pads.

15. The semiconductor package of claim 14 wherein:

a top surface of the package substrate includes conductive
traces on the top substrate surface coupled to the
contact pads; and

via contacts i the package substrate couple package
contacts on a bottom surface of the package substrate to
the conductive traces.

16. The semiconductor package of claim 14 wherein the
wire bonds comprise insulated wire bonds, the insulated
wire bonds each comprises a conductive wire and a dielec-
tric coating surrounding the conductive wire.

17. The semiconductor package of claim 16 comprises:

stud bumps disposed on the die pads; and

first ends of the insulated wire bonds are coupled to the
contact pads by ball bonds and second ends of the
insulated wire bonds are coupled to the stud bumps by
stitch bonds.

18. The semiconductor package of claim 17 further com-

prising a protective layer covering the first and second ends
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of each of the msulated wire bonds, wherein the protective
layer covers the ball bonds and the stitch bonds.

19. The semiconductor package of claim 13 wherein the
die comprises a micro-electro-mechanical system (MEMS)
sensor with a sensing element. 5

20. The semiconductor device of claim 19 wherein the
MEMS sensor 1s disposed on a top surface of the die.

21. The semiconductor device of claim 20 wherein the cap
comprises an access opening on the top of the cap above the
MEMS sensor to expose the MEMS sensor to an external 10
environment outside of the package substrate through the
empty void of the mnner cavity.

22. The semiconductor package of claim 20 comprises:

a dielectric sealing ring disposed on the die and surround-

ing the MEMS sensor; 15

a semiconductor lid attached to a top surface of the

dielectric sealing ring, wherein the semiconductor lid,
the dielectric sealing ring and the die defines a MEMS
sensor cavity over the sensor; and

wherein the access opening exposes the MEMS sensor 20

cavity to the external environment through the empty
vold of the mnner cavity.

23. The semiconductor package of claim 20 wherein the
cap mcludes one or more access openings on the sides of the
cap to expose the MEMS sensor to an external environment 25
outside of the package substrate through the empty void of
the mner cavity.
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